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(57) [gift] 

mmm i n g a a s p««oaiRS)taiBs 1 o <d—Jj<d 

JSffi 1 0 a fcMaafc®*— h fcft*«S<D3i£Bte 
(^n-rjt) 1 2*AWr3o ft*W«l 0ICI4 3V 

1 6*»Bfr&JOHI»l 0<Di8El 

SSS^^n, ANSI 0b^e>tH*^ti5yn-7)t 
JfiS^SBt 1 8 £ lT3tt-*a 1 4 Offi^ 



CW:/o-y:fc12 
(1560nm) 



DC3V 



10QblVsJ^1i^t16 
(1552nm) 



7 10 r I 10 
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10Gbit/s}fcg^&#;18 
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(2) 



l&mW- 10-7 8 5 9 5 



[W*JSl] IBi«93tk:J:»)«aS*n*1f«*, 

*» s mti s n*»sans nrc^mra- rxttmm* « 

Bo 20 

Ho 

[fflt*JJ|8] Si/n-^CW)tTSSiS9l so 
M$8 1 fc!3«©*fiS*SE«. 

LtcW.mx\ mmmtkfa-rytitxmi^ ^w&m 

Ho 



ISSHo 

1 27SM 1 4 0flti*» 1 JBKfEt6©tti8S 

SBo 

«E«VWIE1*««M3R91 1 5 (cCKOKttJMftll. 

1 5 tcK«©ftisWS£Bo 
[»**18] SK^n— aSaRiS^JtOf 
□ * *H»*©S»#© 1 ©Jf ?&&©*& t> £ L^IiftT* 

**»s»i 1 2 

ft©i£g£t±ii£:*fit*JEi 2tcre«©^»^«o 
CM&H 2 1 ] gKftiftltraPIMt* 9 tclHig©iS 

[HlKo 

[IS*]! 2 2 ] 1 2 £EK© 

HJSSo 

BSaofNlilttMBn 

[0 0 0 1] 

DMBOJi-r«fiflKHBF] *«Wfi, igg^&gB, ft 
WJI^BRtfft'W^ffilStfcfflSKfcMU «fcO*<*M 

£^P-:/ft*fti8tS-rsfti«5gB. RO\ ft/</l/X 

5ij©^;bxfitffi*«ai-rs^^i/x(4*a«iffliaiKtcwr 

[0 0 0 2] 

7XH5^+i:L T«**fiJ6«9K: «fc 3 ASSftil 
«*-y h*7— ^©Bf^»*W{citi6P)nTV''5o *© 

{£> 7— *©ttA6*JIUm<Hi:iRl±-C** C £ tfipj 

BJfLfco 

[0 0 0 3] ^CT% teW©±S*P^«MtC*5V>TSI 



(3) 



tSfHiW 1 0-7 8 5 9 5 



**fflv*«ftaaftSt«««ffls*tiT»/'>*. 0 1 1 ~0 
[ooo4] 01 i te^nsaswr**, tfti 
ssi i o<d— mc. saa^m^nfciftSA i 

jggA 2©a«9tt (CW) £A7Jf 5» 

'trams i i o<Ms»6ffi*sh*i8fii znmmt 
it. ksa los^of*— **sftbfe3ftfiaaBif ! '— 10 

[0 0 0 5] 0 1 2 2 0©*f(*b 

— f tiUS 112, 1 1 4**^^71 1 6, 118, 

l 2 0K*97^fi>fflW)!iS<:U 
traMIB 112, 114 <0ffiStt*BS3W*tt*fiJffl-r 
So COV'yA^xy^Tili-lc, * y 7°v 1 16KJ: 
OjfcSA 10f-^*if*AAU *"^7l 1 8K 
.fcOifcgA 2©g^7fr&A?rf 3k> &SA lOr-? 

m^mtttf*}??^ i 2 ofrf.^p.ns. 20 

[0 0 0 6] B 1 3 lc^-r^*CTT'«. iNI*U-ifti 

(j£SA 1) fc*>^CWC Ifr^h^tiSlA 

[000 7] 01 4 Tit. 0 1 2 (D¥##U— «fif*Igg 
1 2 2<Df$bt>»C, ^77^1 2 4 (09*.fcf, 

[0 0 0 8] 

[^*WgtbJ:-5i:-r5iiffl] L*»U 01 lKarT 

v>s*>©©, ffi^Tto^^tfc^+^K^n-r. &m<o& 
[0009] %rc. 01 2ic^-r^mx-it. 2ta<D¥ 

mfcls— f^iUS 1 12, 11 4^rT<y/A^i>'^'^ 

flMwaBttftSo is 
jRe^otof^a^^^— «ftc«uBi«:i»«n 40 
[00 1 0] 01 3RDI1 4 tc^-rra)t??i-&^rffiffl 

WTOIHBWW**. BPS, 
■fif*S§§l 2 2 5W« (01 3) %Ztm. 

tit. s^sfttt)^tc<tss/Njt©^{t 

**S«T*a:V\i tt^T^Al 2 4 £<£ffl-f 3#ffig (0 
1 4) T*«, 7t77-Y^l 2 4*1 kmJK±t-r^£^ 

-)R»c3tt7r-r-'<*e3S-j-*«^3ttO so 



[0 0 1 1] *«WI4, Cft&tS£*0«©IHI^%»j* 

[0 0 12] *f88tt*fc» *t)**a«S3ttlt*»6n 
[0 0 13] *HB^ttM»c, flH9Jttfc^n-r3tt*«« 

press* u mmx-mzmz. m&miRxmmmM 

[0 0 14] *«WBMK, «*3ttK*t)«aJ«n*3tt 

ss^a^-r s c t * a w t f So 

[0 0 15] 

[0 0 16] Rffl^*!»lRa!3tt^»K«J(M-*4:* 

[00 1 7] jtt*iaitt*s^*a i: wmm&msii tcom 
ic KiRs^ieEw»fr6aj*snaaK^ 

[0 0 18] BSii5?§y^ailg§©EnADmffi*ia}3ii*£Ei:-r 
[0 0 19] W®S&K£MM&toW&tc9ttWt* 

[0020] yu—yytit. cw^Tfentf^WTtiSt 
*tf, nm^^e.^as^o^-^^ftWT-irSo 

[00 2 1] BilKSBtiBHaoaiMIE^ JSfl^t-'? 

£s„ 



(4) 



ftfflW- 1 0-7 8 5 9 5 



[0 0 2 2] *^tc«Sftift*&ir?tt. XmKMR 
[0 0 2 3] H«^)fc*3tt«iDaS?K:fltteT* k«»C, 

^^nrw^^n^^p-^^oa-rot^ io 

[0 0 2 4] 3e^riRlttlS^S4:W»iRir=PfcO|IIIK:, 

< 1 1 , *hrir*?!«p & w^j £ ni^jg^^ nrc m 

[0 0 2 5] ^a-^Jt*. Rfll^JttO^ny^fliSafe 

[0 0 2 6] 7a-73fc©«**H«#ft©»fii:SiB: 
[0027] *SBfiK:«*3tt/Vi/Xffi««aiigB»*, A 

fi*«fflT**o-e, mar, «PLLiaiSo#ij«*iB 

XttWMSWBT**. 
[0 0 2 8] 

[00 2 91 H1B, *fgfEOSg 1 Htt0U<O«W»«lJ£y 

SrfOT LfcSifcjSilS I n G a A s PS*«RlRl!ftg3S 40 
ggT'fct), -7?©*® 1 0 a h i: 

fc*«6©*ttft cfo-ym 1 2*^A73-rs 0 *n 
*«n»tt, jtienii ots3 v©— je«EE**ai4o«n 

TV*. ft£M88l 01*, tfx^/JR^tt^ffifflbfc* 

1 i±fct?e£n, BfaoiafticnHit?** 

[0 0 3 0] 1 4tt^AfcA*Lfcfl6*i<IFyBa»6ttl 
7JU ffl?BtA73L/-c^4S : ?C^P.aJ73-r-5^-9— 

j:5 fc-r*flt^fi) 1 etfAJrtZo ftm.M§&i o©fdi so 



VBIil 0 bii»-*al/-^ 1 4©«*?BK:8*W- 

soffl*^ mm.mkzntzm.mLmt 1 sk&s. 

[003 1] *HS6fiRJ1?tt, HCn^ft 16lt 10Gb 
i t/sT-RZ^M (V--**l/2) S+lfcifcgl, 
5 5 2 nnnOi^£t^!), Zfu—Tit 1 2fi, 
1. 5 6 0nmOllBKT*$5. «JW*a*CJ:p, 
ffiftJt 1 8 te, fOSStf 1 . 5 6 0 n mT\ 

1 QtrntT-z ■ 'W->*mffi-rzm^ft, spts, 

lOGbi t/sfRZS (V— ^Spl/2) ?nft 

[0032] *&w<o&wmii. MXBNSBtammc 

2 0©i£fi©ft;&A73 Lfc fflS®lR«afiHt 
tt*^TCfc*«aLfco 0 2te, &J£3iei!l nGa 
A s PttW&MKmm§S<D-fflC 1 . 5 5 5 n 
A£fU mffilC 1 , 5 6 0 nm^AlifLrc*-a-T% 1 , 
5 5 5nm3i£0^7-^<tJ^rci:t, 1, 5 60n 
mft©eRlRiS$c#H © J; 3 k:*ft*-*^*ia(ibfc3feK 
gSffe^o 1 , 5 6 0 nm^co^y-fi^iaSOA 
7JtC*5V^T4 d BmTi&So Tt^liSi'xOffliP*^ 3 
V<0J:t, SSI, 5 5 5 nrntO^/^y— ^tfiP^-tt^ 
t. mm 1 . 5 6 0 n m©ft©g&iR3a2;tf 13dB« 
±> K4>-rs. COi^*SiiRa^14^J;»J, 1. 5 
5 5nmrt*\ &ffiS!@£nfcftfl*§T*&ni£ , ft£M 
»*3ffiabfel. 5 6 0nmfe 1, 5 5 5 nm^t 

[0 0 3 3] WKSBfc£HSrtT?»«fc#oT 
±fi£$n^«? • jE?L*t©»i, At-hf SfttfgK&S 

<fc*i:*©rtg|5«JW:*;£ <&£©■?, ft;AJftl^;l/ 
tcJ:Oi»iR««***<«ftS**J:fc*<T'**. 

[0 0 3 4] *^SSPTH±, S$R®lR^^iii<DC<0 

j;3*ffls®iRgsfQ^it^iijfflLT, ««*aaft-r*„ 

i2T(i, 1. 5 5 5 nm*^l, 56 0 nmlC 
5 nm->7 h Z&Tl^ZOlCfiL, m 1 t^-r^figCTT' 
1, 5 5 2 n 1 , 5 6 0nmt:8nm->7h 

z&t^Zc, mmt<omm&i, sssnrnti, 55 

[0 0 3 5] **«ifWOfll^*ittWrS. B«^Jt 1 6 

^!E§§ 1 0 OiSffi 1 0 b tcAl* ^SPSI 1 0 Offiffi 
i o a\z\&?u-zryt\ 2^AS#-rs<, Jt^HSgl 0-n 

O^ATtl^^^fi;, 1 , 552nmt GKflWft 1 
6) ffl ldBm, 1, 5 6 0 n mft (7°u— ^ 1 



(5) 



1 0-7 8 5 9 5 



2) AM 2dBmT*&S 0 JteCj^fcJ; -3 f&Om 

i o£«3V©— 5e«ff#8Jin2rftTV'»*. ftffiinggi 

0rtT% 7n-yftl 2fcM«^«l 6*<j§VtCj£*f|p] 
KitfifTSfflfc:* 0 2TSiWbfe«J;^lc, ^a-y^ei 

i 2(DjSstc®s^?nso ^©ffisa^^nrc^n 

-7ft. EP*u ifeM^&ftl 8*4, Jttf" — 1 

ffigl, 5 6 0 nm©^&ftl 8(4, «?C*»6W*J 
n5 0 CC9<J:5(i:LT, lOGbi t/sfRZgtl 

(-7— ^s$5 1 / 2 ) ^ft/cfB^fftOifcS*: 1 , 5 5 2 n 
m^P.ifcB 1 , 5 6 0 n mlC^T'^rCo 

[0036] m3i±n®ii<o~rfcm^wi&mcDifcmm%:ijk 
-r<, S3 (i) w&mmti 6<D&&/i$->, m 

(2) 8CDmB'i$— >*7ikir B *tl 1 Ops 

©jgJSft-'^l'Xjfc^© 1 . 5 5 2 n mft (fC{l*§ft 1 
6) O-r— £ i&gl, 5 6 0nm©^g| 
ft 1 8 lC(J(?Jg||{C3 tf-2nTV>S C ttfftfrZo + 20 

[0 0 3 7] *HSgmiT-tt, ^W-frvWV -yi/ii^ 

m*mmLfcm&& i n g a a s pm^BsiR^^aisii 

{*©£M?#F (MQW) coa^->n^;l/^^*^ffl 
V^^ffiSMQWft^IiggT-tcfci^o so 

[0038] yn-7)ti 2^mmm\ oka 
jj-t2>&mcyt-y--*z.is—?%mv%£tic&r), ft 

[0039] *nsEfi»jTtt, -fn-yyt i 2*i i&mt 

«SS»T* * C t *IM*fc * t> SMS Lfc. ifcggglft 
1 8f4, yn-7^l 2 fc^Sn**««}tP, JPd^ 

ft i 6 trnvr-z • /<$»->*ft«rr«jttiB^*»fi 

[0 0 4 0] *HS&0lJT-{4, fu—Vft. 1 2 £g><H§ft 

i 6*jtaaHsi ortT-^iqitcjifT^-ii-Ti/^o cn 

o-^3ttOJifi : *lSia«iS!*iaHi:a:*J:3a«l*T»t, M so 



[004 i] coi *SS»Mt?H\ a^ott^K 

tt*fe, A»Lfc«flWft*«-*, «y-iEIL«Ka« 

[00 4 2] 6£rft^Ii331 0©4Sffil 0 b 

tcA*f-T«i:«fc. W901 0 b*»6tfj»Sti*f*— *SE 
IB^oyo— ^Jt*Bt»)tB-ro»c. ft-*— ^a. U— * 1 

**:^©*5 4*©ffi©**Hft»-Cfc*«-e**. BP 
■5, ftgB*->S©Jg»M*§ftl 6*ft£ISggl 0OSS1 0 
bKASfTSi:^;:, iffiffil 0 b *>e>iB;*j£n3jggS 
Ml8*« SHB^ftl 6 irfi^SSLTUOtB-a-^^* 

[0 0 4 3] £/c, ft^IHgll 0©EPin«ffi^rDCft£E 
fcLfctf, BJio«ffifc:fi^***i-*c Kit 
ft] 8 KJ'Xf i»BS«fl^42*in?t* 

-r -s ± 5 >y u > rmm. wamBmaumtm 

6 0*o.y*JB«»klS!Ii;JB»a»Tftlt)S-r«* 

[0044] — mic, w%wamK^mm<DwmLm$f 
v n t to o t m&m$m&*mm-v<2 

[0 0 4 5] m 4 tt, 0 1 K^*SSWOSE»ISIfi«0 

U-?14tOHK, 2O(D^-*al/-?2 0, 2 
2i:ftif*gg§2 4^rJfAb, yfiffiHSSi Olcfe^T-r- 

[0046] >iaeMHi oossffii o bctxro-— 
o ©is? c t±^iiifsg§ 2 4 ©A^tcg^-r 5 0 itmmm 

JtU— ta^2 2 0«7Btt^— 1 4 
OfflKfBCSSBU ^t-*al/-^2 2©4S?C«7 , 6 

■y-*al/-^2 0<DWAii:8in. 

[0 0 4 7] 1 6(i, ^o.lx-^ 1 4© 



(6) 



f$Bfl¥ 10-78595 



ft-tf— 2 0<D4ffi^Al;:A7JU Jfr0— 

-*2 0CC*a$?B*>£ft^il§§l OOffiffil 0 bKAft 
TSo ftgUfgl OOiffill 0 a tea, @ 1 (C^til 

So 0 1 K^tnmmtnm^ ftsmsi ota, «ts 

7ft 1 2C4t cntCcfctK H«^ftl 6 

t m u&m&fc*ft-orc7v-7% 1 2, BP-s&ggjft 

«1 8*, JSSl 0 b*5^-*al^?2 OOJSf 10 

[0 0 4 8] ft*— *il/-^2 0©«tFB»CA*Lfc 
ffig^&ftl 8 It. *©IWyC*5ftii*S2 4KaHl!l 

^c-efttfinsnr, jw-*au-*2 2©fii 

?AtcX^-TSo ft"9— *j.U-2 2 2<D4S?AKA2) 
^©SSI? BfrSft^-^U-* 1 4©iSi? 

[0 0 4 9] C©cfc3lCLT\ 0 4 t/Tt^BliWT? 
li. KMVm 1 2 fcfeVTifcftggl^ftfcifcggfglft 1 20 
8t\ ftJg*»2 4fcJ:»>ftiWBT£ttfc*, ta*i2m 

So 

[0050] 00*. «r, 0 1 KmtmmmTit. ft-*- * 

aU-?l 4T% i^AtCA^lTSMft^ft 1 6 *W? 

ctciinffi-r*&> jw-tiu-^i 4©«?c©Hi 

-r^S*^5A\ 0 4lC^-rSMHfiS01JT'«, iffi^AfC 
A^-TSSlfB^ft 1 6W-+iU-?l 4 (Dffl^C 
fc»aL&fcUr«„ iESSt^l 8tfftitiplgg2 4lc 
«fct>if<fSftTV3<D"C\ ft'tf— £ 1 4£>4ffi^ 30 
Cfr£©da*jftfrS>IgC{I^ft 1 6<Df£#;£:R&£L&<T 
?DXh- ?Ket5j£ft^J&ft 1 8 CDS^Sj&ft: 
*{6i)ST*£So 

[0051] 04 fcjjvrsseattBi-ett,. &m^&ft 1 

U-?2 2©ffi?C ^-^l/-?2 0Oa?Ai: 

<oiB»ct mi^fti 6*aei«:ftjiMi 

[0 0 5 2] 0 1 Rtf04 t^-TltSgWc*5f>T, Zfu 

yn-^fti 2 *»aa»«nT«# 

&ftl 8©i£J£«, SC«#ftl 6<Difc&l,z£*)7ti-7' 

fti 2^s.mmLfzmmcrji^ 0 ffis^&fti 

8©»«tt, JlfS^ftl 6 0«fc7n-^l 2<Dj£ 

rnzmw mmm Lrctofc*aa-rs®^E*So 

[0 0 5 3] flRJjttf, 0 5tc^-r=t3tC 7°n— ^ftl 

2«««i»>5su»ajaRf 1 t*r zawisnfcftfc-rsfc, 

ifcg^glftl 8 JgCfl^ftl 6^t)jgt^jS 

SStf 1 -p^vrUV^UfcfeOfc**. HCff^ftl 6K 
HMfftjb^SsftTVTfc, »5£jfeftl 8T1t «fl» so 
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fe, Ri|K3>ft&H8g l OT'ti, H2t^-rot^lc. jj§>{! 
A^r-SSo 

[0054] ftrnmrn 1 oomtamE^yn-yft 1 2 

©<fc5£/t»l/XSffi£LT£>. If^C, IMfl^fftl 6* 

-*A£<m*s±, ji«^ft©#-r5ft{at§s*t>i$ 
[0055] m5Ttes mmmfci 6-&?a-y?m&m. 

f 0(D%&&m®ytT*3b2>tLtc£Z, 1 8© 

j&Jgfci, f Oi:f l©McJ;t), 06, 07RM8 
O J; 3 0 6 li, f 0 = f 1 ©t§£\ 0 7 ti f 0 

<f lOf^ 0 8«7o-yftl 2©ifcSIDjgUgig3& 
f 1 tfimm&t 1 6 D <y ?Jli£2& f 0 EP 
B, f 1 = f 0 / 21^-3 T^2>WinV>—®\<0$ -< ^.y 
tm&TFTo 06, 0 7RtJ0 8<D<5rtlt> (1) te? 

2. (2) l±jg>{I*iftl 6, (3) 
gift 1 8tD#jfit^^-To 
[0 0 5 6] 06fc^-T f 0= f 1 <Di§-£, 7n-7ft 
1 2<Dft^t8f§l o^CASt*^ 5 lii«*§fti 
6<Dftgl@g§l 0'\<DA$iZ'f5.>-7£<Dmmz&*), 

^ mmmti 6©ftsiatgi c\<DA*f^f 

5>^Cii(ML.TI^Sa^-a-SCfc*^#5o £fc. fO 
i: f l^-gfL^:V>«^ (07&UF08) , 

i 8<DK}&«, ^t>n f otf i <Dmmwm.T~&mma 

-^ft 1 2 (D&mmmsi&fbmTz ctx\ ft p l l 
[0 057] i9ii, ®uc7K-?mmm*mmLT&!£ 

LfcftP L LlHlgS©«ll»«fit7D^^0^-ro 0 1 t 
|5li:«fi!t^tC{±rai;??^{>fLTo5So §Mf3 0 

«««a«fti 8^mn.mmcm:^Ls m^m^3 2it 
iu ^(Dtatnti^— >fmw)®®3 6icepjbn£nso w 

— WBBIISIIS3 6tt*»»U— »f 3 8*. fg^f§3 40 
*W7J2-er5o tf3 8©tii7jft^7D-7'^ 

i 2 LTft^tngf i otcEnio^ns, 



(7) 



ftfflW- 1 0-7 8 5 9 5 
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[0 0 5 8] ftfc\ mm&l 0*m&LTfflM 1 0 a 
fr5>tH;fr2nSIi(«-S§ft 1 6*V iMWU- J !f3 8KA 
»LTffl»*#*ftV^3K, *HM*U— J 9* 3 8 tft 
m®$S 1 0<DiQffi 1 0 a i:£DP^lc, ^Iia 9, ft^H 
gg 1 0<D4£® 1 0 a^P.ffi^^tlSM«^ 1 

-rsttr-Yvi^-^4 o*^ts 0 ra*oaafi*»5, § 

[0 0 5 9] 2U« flEMWiM3 4 0(i| 

**&ss-rs 0 

[0 0 6 0] i eflW^r^eaSBrasfcae 

•ess l *wie*<jR«LT*iO, se* 

5) ©«#, 2 tfUfg-Sfft 1 6©^D<y^ 

l 8tt, KflWJti 6 981212: tiSf*— 
7tU Lft»tiR«Bt«*»jELfefeOK:a:*o fiP"£. 
53&S&t i 8©<B^©'WXi8B£»±, ^d- l 2<D 20 

c ££fts 0 

[0 0 6 1] 0 5 7iS0 8 T'Hu 2%»t) 
«BJ5e>* 1 T*;feSo 

[0 0 6 2] 05T'ii> -fu— 7% \ Z<DWLK>Whmm 
HOl^, jfcS^g&ftl 8©&Jgf±s lif^l 6£rB$ 

02EStJ:5^ *«%iRj£!%£llKg l 0«u BUD* 

flWBfc***** EPiD«I#i3i<ftSi:, ^n-r*© 
tfJK«9%0'1 V-^fk K*f L r aittiz: ft * , 

cc^, a%h«i o©aiiirtt£E*, ?u-?yti 2 

O^DiILJlffil$C|HlWL,T^M-rsCtT% B#ia*i£ 40 

»tt«^<DI«IB*»li««* J: So 

SttWfca, M^*HK;M'IK:#]*JT*i*So 
[0 0 6 3] WIAtf, HI Otc^-TJ;^ -fa— 
1 2*. JUg^fil 6©^D-;/^Jf&£fcf 0©¥#©iS 

&&TRZffilIL7-cft£L f l-f0/2), 

HH$tc, ft^SBSSi 0©9i*nSEE*^igSk (f 0/2) 
©IE3£i£®Efc-f So Jt^SUSS 1 0©ffJ*nmj££: 

/D-^l 2©Jf&#f 0X2%PWgi;£-es o ftSIE 

§s 1 ooEnApmEEfi:, -7u—-?jt \ z<rm&Fm\s^)\j 
T'&ztziCy {gSjET'fesJc^tc-rSo cnt <}:•?, so 
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PROBLEM TO BE SOLVED: To provide the wavelength 
converter which efficiently converts a wavelength 
employing a simple constitution. 

SOLUTION: Continuous light beams (probe light beams) 
12 having the wavelength, which becomes the target of a 
wavelength conversion, are made incident on one of end 
faces 10a of a transmission type InGaAsP electric 
absorbing optical modulator 10 that utilizes a Franz- 
Keldysh effect. A constant voltage of 3V is applied to 
the modulator 1 0. Original signal light beams 1 6 (the 
signal light beams whose wavelength is to be converted) 
which are inputted to a terminal A of an optical 
circulator 14 are made incident on other end face 10b of 
the modulator 10 from a terminal B. The modulator 10 
gives the loss corresponding to the strength of the 
beams 16 to the probe light beams 12 and the 
waveforms of the beams 12 are practically made same 
as the beams 16. The beams 16, which are waveform 
converted by the modulator 1 0 and outputted from the 

face 10b, are made incident on the terminal B of the circulator 14 as wavelength converted light 
beams 18 and outputted from a terminal C. 
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* * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] It is in the condition which impressed the predetermined electrical potential 
difference to the absorption mold optical modulator from which it is the wavelength 
inverter which converts the information conveyed by original signal light into the 
lightwave signal of wavelength with which the original signal light concerned differs, 
and a transparency absorption property changes with applied voltage. The wavelength 
inverter characterized by carrying out incidence of the probe light of one or more 
different wavelength from the wavelength of original signal light and the original signal 
light concerned to the absorption mold optical modulator concerned, and making into 
output light the probe light concerned outputted from the absorption mold optical 
modulator concerned. 

[Claim 2] Furthermore, the wavelength inverter possessing the optical directivity 
coupling means which takes out the probe light concerned which conversion of 
waveform is carried out with the absorption mold optical modulator concerned, and is 
outputted while supplying the original signal light concerned to the absorption mold 
optical modulator concerned according to claim 1 . 

[Claim 3] Furthermore, the wavelength inverter according to claim 2 which was 
outputted from the absorption mold optical modulator concerned, and established at 
least an optical amplification means to amplify the probe light concerned by which 
conversion of waveform was carried out, between the optical directivity coupling 
means concerned and the absorption mold optical modulator concerned. 
[Claim 4] Furthermore, the wavelength inverter according to claim 1 which 
established a temperature control means to adjust the temperature of the absorption 
mold optical modulator concerned. 

[Claim 5] The wavelength inverter according to claim 1 whose predetermined 
electrical potential difference concerned impressed to the absorption mold optical 
modulator concerned is direct current voltage. 

[Claim 6] The wavelength inverter according to claim 1 with which the predetermined 
electrical potential difference concerned impressed to the absorption mold optical 
modulator concerned is overlapped on the signal. 

[Claim 7] The wavelength inverter according to claim 1 with which the predetermined 
electrical potential difference concerned impressed to the absorption mold optical 
modulator concerned possesses the clock frequency signal of the original signal light 
concerned. 

[Claim 8] The wavelength inverter according to claim 1 whose probe light concerned 
is CW light. 

[Claim 9] The wavelength inverter according to claim 1 whose probe light concerned 
is modulation light repeatedly. 

[Claim 10] The wavelength inverter according to claim 1 whose probe light concerned 
is data modulation light. 
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[Claim 1 1] The wavelength inverter according to claim 9 or 10 with which the 
predetermined electrical potential difference concerned impressed to the absorption 
mold optical modulator concerned possesses the signal component of the same 
frequency as the clock frequency of the probe light concerned. 
[Claim 12] Optical operation equipment which carries out incidence of original signal 
light and the probe light, and is characterized by making into output light the probe 
light concerned which penetrated the optical absorption component concerned where 
a predetermined electrical potential difference is impressed to the optical absorption 
component from which the absorption property of another incident light changes 
according to the amount of incident light, and applied voltage. 

[Claim 13] Furthermore, optical operation equipment possessing the optical directivity 
coupling means which takes out the probe light concerned in which optical operation 
is carried out to the original signal light concerned by the optical absorption 
component concerned, and which is outputted while supplying the original signal light 
concerned to the optical absorption component concerned according to claim 12. 
[Claim 14] Furthermore, optical operation equipment according to claim 13 which 
established an optical amplification means to amplify the probe light concerned in 
which optical operation is carried out to the original signal light concerned by the 
optical absorption component concerned at least, and which is outputted between 
optical directivity coupling means and the optical absorption components concerned 
concerned. 

[Claim 15] Optical operation equipment given in claim 12 whose optical absorption 
component concerned is an electric absorption mold optical modulator thru/or any 1 
term of 14. 

[Claim 16] Optical operation equipment according to claim 15 whose predetermined 
electrical potential difference concerned impressed to the optical absorption 
component concerned is direct current voltage. 

[Claim 17] Optical operation equipment according to claim 15 with which the 
predetermined electrical potential difference concerned impressed to the optical 
absorption component concerned possesses the clock frequency signal of the 
original signal light concerned. 

[Claim 18] Optical operation equipment according to claim 12 whose probe light 
concerned is the repeat modulation light of the frequency of 1 for an integer of the 
clock frequency of the original signal light concerned. 

[Claim 19] Optical operation equipment according to claim 12 with which the 
wavelength of the probe light concerned differs from the wavelength of the original 
signal light concerned. 

[Claim 20] The light pulse phase detector which is a light pulse phase detector which ' 
detects the light pulse phase of signal light, and is characterized by consisting of the 
laser light source which generates probe light, an optical operation means which 
transforms the probe luminous intensity concerned according to the signal luminous 
intensity concerned, and a light-receiving means to detect the probe light concerned 
by which wave deformation was carried out with the optical operation means 
concerned [claim 21] The light pulse phase detector according to claim 20 whose 
optical operation means concerned is a wavelength inverter according to claim 9. 
[Claim 22] The light pulse phase detector according to claim 20 whose optical 
operation means concerned is optical operation equipment according to claim 12. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] More specifically, this invention relates to the light pulse 
phase detector which detects the wavelength inverter which changes the wavelength 
of a lightwave signal into another wavelength, the optical operation equipment which 
carries out optical operation of signal light and the probe light, and the pulse phase of 
a light pulse train in a lightwave transmission system or an optical transmission 
system about a wavelength inverter, optical operation equipment, and a light pulse 
phase detector. 
[0002] 

[Description of the Prior Art] Research of the mass optical-communication network 
by the wavelength multiplexing lightwave signal is energetically advanced as an 
infrastructure supporting current and a future information society. Consequently, when 
signal wave length was convertible by the network node, it became clear that the 
network engine performance could be improved by leaps and bounds. 
[0003] Then, it sets to the main research facilities in the world, and the practical 
wavelength conversion technique is studied and examined. Fundamentally, the mutual 
gain saturation of a semiconductor laser amplifier, 4 photon mixing, or a mutual 
phase modulation is used, or the wavelength inverter which uses 4 photon mixing of 
an optical fiber is proposed. Drawing 1 1 - drawing 1414 show outline configuration 
block drawing of the conventional example. 

[0004] In the conventional example shown in drawing 1 1 , the mutual gain saturation 
characteristics of a semiconductor laser amplifier are used. The signal light of the 
wavelength lambda 1 by which intensity modulation was carried out, and the 
continuation light (CW) of wavelength lambda 2 are inputted into the end of a 
semiconductor laser amplifier 1 10. With the mutual gain saturation characteristics of a 
semiconductor laser amplifier 1 10, the signal light of the wavelength lambda 2 
outputted from the other end of a semiconductor laser amplifier 1 10 becomes 
intensity modulation data which reversed the data of the signal light of wavelength 
lambda 1 . 

[0005] In the conventional example shown in drawing 12 , two semiconductor laser 
amplifiers 1 12,1 14 are considered as a Mach TSUENDA interference configuration 
with a coupler 116,118,120, and the mutual phase modulation property of a 
semiconductor laser amplifier 1 12,1 14 is used. If the data lightwave signal of 
wavelength lambda 1 is inputted into this Mach-Zehnder interferometer with a coupler 
116 and the continuation light of wavelength lambda 2 is inputted into it with a 
coupler 118, the data lightwave signal output of wavelength lambda 2 by which 
intensity modulation was carried out like the data lightwave signal of wavelength 
lambda 1 will be obtained from a coupler 120. 

[0006] In the conventional example shown in drawing 13 , 4 photon mixing of a 
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• semiconductor laser amplifier is used. When a data lightwave signal (wavelength 
lambda 1) and pump light are inputted into a semiconductor laser amplifier 122, the 
output light contains satellite light and the data lightwave signal light of wavelength 
lambda 2 by 4 photon mixing in addition to a data lightwave signal (wavelength 
lambda 1) and pump light. Let the data lightwave signal of wavelength lambda 2 of 
the output light be conversion light. 

[0007] In drawing 14 * the rionlinearity of an optical fiber 124 (for example, usual 
silica optical fiber) is used instead of the semiconductor laser amplifier 122 of 
drawing 12 . 
[0008] 

[Problem(s) to be Solved by the Invention] However, although the conventional 
example shown in drawing 1 1 has simplest composition compared with other 
conventional examples, it cannot fully take the extinction ratio of conversion light, but 
has the trouble of not being suitable for multistage wavelength conversion. 
[0009] Moreover, it is necessary to consider two sets of semiconductor laser 
amplifiers 1 12,1 14 as a Mach TSUENDA interference configuration, and a 
configuration becomes complicated in the conventional example shown in drawing 
12 . Moreover, since 180 phase modulations can be performed by slight optical 
power, there is a problem that conversion light is sensitively influenced in slight power 
fluctuation of original signal light. 

[0010] There are the following troubles by the method which uses 4 photon mixing 
shown in drawing 13 and drawing 14 . That is, with the configuration ( drawing 13 ) 
which uses a semiconductor laser amplifier 122, a conversion wavelength band is 
narrow and cannot disregard degradation of the S/N ratio by spontaneous emmision 
light. It is necessary to set an optical fiber 124 to 1km or more, and equipment is 
enlarged with the configuration ( drawing 1414 ) which uses an optical fiber 124. 
Moreover, in 4 photon mixing, although it is necessary to make in agreement 
theoretically the plane of polarization of original signal light, and the plane of 
polarization of pump light, since the plane of polarization of the signal light which 
generally transmits an optical fiber is changed in time, a means to cancel this 
fluctuation must be established. 

[001 1] This invention solves the trouble of these conventional example, and aims at 
showing the wavelength inverter which can carry out wavelength conversion efficiently 
with a easier configuration. 

[0012] This invention aims at showing the wavelength inverter which can obtain an 
again more big extinction ratio. 

[0013] Further, this invention calculates signal light and probe light in an optical 
phase, and aims at showing the optical operation equipment which can be performed, 
such as waveform shaping, noise control, and logical operation, in an optical phase. 
[0014] This invention aims at showing the light pulse phase detector which can 
detect easily further the phase of the light pulse train conveyed by signal light. 
[0015] 

[Means for Solving the Problem] In the wavelength inverter concerning this invention, 
incidence of the probe light of one or more different wavelength from the wavelength 
of original signal light and the original signal light concerned is carried out to the 
absorption mold optical modulator from which a transparency absorption property 
changes with applied voltage. Since conversion of waveform of the probe light 
concerned outputted from an absorption mold optical modulator is carried out 
according to the wave of original signal light, it makes this output light. Wavelength is 
convertible with a thereby very easy configuration. Plane-of-polarization control is 
also unnecessary. 

[0016] By establishing the optical directivity coupling means which takes out the 
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probe light which conversion of waveform is carried out with an absorption mold 
optical modulator, and is outputted. while supplying original signal light to an 
absorption mold optical modulator, it can realize supplying original signal light to an 
absorption mold optical modulator, and taking out the probe light which conversion of 
waveform is carried out with an absorption mold optical modulator, and is outputted 
by one light corpuscle child, and this also contributes to simplification of a 
configuration. 

[0017] Between an optical directivity coupling means and an absorption mold optical 
modulator, at least, it is outputted from an absorption mold optical modulator, and by 
establishing an optical amplification means to amplify the probe light by which 
conversion of waveform was carried out, even if there is a cross talk of original signal 
light by the optical directivity coupling means, the signal quality of wavelength 
conversion light can be kept high. 

[0018] A circumference circuit can be simplified by making applied voltage of an 
absorption mold optical modulator into direct current voltage. 
[0019] By superimposing a signal on the applied voltage of an absorption mold 
optical modulator, the signal of wavelength conversion light can be superimposed, for 
example, it can use for various control signals. 

[0020] Although probe light can simplify the light source and circumference circuit if 
it is CW light, it is considering as repeat modulation light, and can give a waveform- 
shaping function and a noise control function. By making probe light into data 
modulation light, the data of probe light and the data of original signal light can be 
calculated optically, for example, the data of a particular part can be extracted from 
original signal light. 

[0021] By providing the signal component of the same frequency as the clock 
frequency of original signal light or probe light, the applied voltage of an absorption 
mold optical modulator can make changing wave shape of probe light more 
remarkable, and can raise a waveform-shaping function and a noise control function 
further. 

[0022] With the optical operation equipment concerning this invention, incidence of 
original signal light and the probe light is carried out to the optical absorption 
component from which an absorption property changes according to the amount of 
incident light, and applied voltage. Since it changed according to the HARASHIN 
number luminous intensity, the transparency absorption property of an optical 
absorption component had carried out conversion of waveform of the probe light 
outputted from an optical absorption component according to the wave of original 
signal light. 

[0023] By establishing the optical directivity coupling means which takes out the 
probe light in which conversion of waveform is carried out by the optical absorption 
component, and which is outputted, while supplying original signal light to an optical 
absorption component, it can realize supplying original signal light to an optical 
absorption component, and taking out the probe light in which conversion of 
waveform is carried out" by the optical absorption component and which is outputted 
by one light corpuscle child, and this also contributes to simplification of a 
configuration. 

[0024] Between an optical directivity coupling means and an optical absorption 
component, at least, it is outputted from an optical absorption component, and by 
establishing an optical amplification means to amplify the probe light concerned by 
which conversion of waveform was carried out, even if there is a cross talk of original 
signal light by the optical directivity coupling means, the signal quality of the 
lightwave signal which shaped in waveform can be kept high. 
[0025] A lightwave signal with the signal wave form of original signal light or the 
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lightwave signal which sampled original signal light at the predetermined spacing can 
be acquired by making probe light into the frequency of 1 for an integer of the clock 
frequency of original signal light. A Time-Division-Multiplexing lightwave signal can 
be separated on a time-axis with light. 

[0026] By making wavelength of probe light into a different thing from the wavelength 
of original signal light, wavelength is simultaneously convertible. 
[0027] The light pulse phase detector concerning this invention is a light pulse phase 
detector which detects the light pulse phase of signal light, and is characterized by 
consisting of the laser light source which generates probe light, an optical operation 
means which transforms the probe luminous intensity concerned according to the 
signal luminous intensity concerned, and a light-receiving means to detect the probe 
light concerned by which wave deformation was carried out with the optical operation 
means concerned. Since the phase of the signal of signal light is detectable in the 
phase of light with the optical operation means concerned, the configuration of an 
optical PLL circuit can be simplified, for example. An optical operation means is an 
above-mentioned wavelength inverter or an above-mentioned wave inverter. 
[0028] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail with reference to a drawing. 

[0029] Drawing 1 shows outline configuration block drawing of the 1st example of 
this invention. 10 is a waveguide transparency mold InGaAsP electrical-and-electric- 
equipment absorption mold optical modulator using an Franz-Keldish effect, and the 
continuation light (probe light) 12 of the wavelength which serves as a target of 
wavelength conversion at one end-face 10a inputs it. In this example, the fixed 
electrical potential difference of 3V is impressed to the optical modulator 10. An 
optical modulator 10 is laid on the thermoelectric-cooling equipment 11 which used 
the piezo-electric element etc., and can be adjusted now to desired temperature. 
[0030] 14 is an optical circulator which outputs the light inputted into Terminal A from 
Terminal B, and outputs the light inputted into Terminal B from Terminal C, and the 
original signal light (signal light which is going to carry out wavelength conversion) 16 
inputs it into the terminal A. Other end side 10b of an optical modulator 10 is 
connected to the terminal B of an optical circulator 14. The output light from the 
terminal C of an optical circulator 14 turns into the wavelength conversion light 18 by 
which wavelength conversion was carried out so that it may mention later. 
[0031] In this example, the original signal light 16 is signal light with a wavelength of 
1,552nm by which RZ modulation (mark rates 1/2) was carried out by 10 Gbit/s, and 
the probe light 12 is continuation light with a wavelength of 1 ,560nm. For the reason 
mentioned later, the conversion light 18 has turned into the signal light in which the 
wavelength is 1 ,560nm and possesses the same data pattern as the original signal 
light 16, i.e., the signal light by which RZ modulation (mark rates 1/2) was carried out 
by 1 0 Gbit/s. 

[0032] The artificer of this invention discovered that mutual absorption saturation 
characteristics were shown, when the light of two wavelength which is different in an 
electric absorption mold optical modulator was inputted. Drawing 2 is the 
experimental result which experimented in how 1 ,560nm absorption-of-light loss 
changes, when changing the power of 1 ,555nm light by the case where carried out 
incidence of the 1,555nm light to the end of a waveguide transparency mold InGaAsP 
electrical-and-electric-equipment absorption mold optical modulator, and incidence 
of the 1 ,560nm is carried out to the other end. The power of 1 ,560nm light is 4dBm in 
the input of an optical modulator. If optical power with a wavelength of 1 ,555nm is 
made to increase when the applied voltage to an optical modulator is 3V, absorption- 
of-light loss with a wavelength of 1 ,560nm will decrease by 13dB or more. With such 
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an absorption loss property, if 1,555nm light is the lightwave signal by which intensity 
modulation was carried out, 1 ,560nm light which passed the optical modulator will 
become the lightwave signal by which intensity modulation was carried out with the 
same data pattern as 1 ,555nm light. 

[0033] Generally, the amount of an electron and an electron hole pair generated with 
absorption within an absorption mold optical modulator increases, so that the light 
which carries out incidence becomes strong. Since that internal field will become 
large if an internal field is formed so that external impression electric field may be 
negated, and optical incidence level becomes large, this electron and electron hole 
pair can change an absorption coefficient a lot with optical incidence level. If it puts 
in another way, according to the usual directions, it can be concluded by this 
example that the light modulation signal was made into the driving source instead of 
making modulated applied voltage into the driving source of an absorption mold 
optical modulator. 

[0034] In this example, wavelength is changed using such mutual absorption 
saturation characteristics of an electric absorption mold optical modulator. In 
addition, in the example shown in drawing 1 to shifting 5nm to 1 ,560nm from 
1 ,555nm by drawing 2 , 8nm is shifted to 1 ,560nm from 1 ,552nm. 1 ,555nm and a 
difference theoretic at 1,552nm do not have the wavelength of signal light, and it can 
enjoy them similarly in the example which shows property change of drawing 2 to 
drawing 1 . 

[0035] Actuation of this example is explained. Incidence of the original signal light 16 
is carried out to end-face 10b of an optical modulator 10 through Terminal A and 
Terminal B of an optical circulator 14, and the probe light 12 carries out incidence to 
end-face 10a of an optical modulator 10. 1,552nm light (original signal light 16) is 
[ 1 1dBm and 1 ,560nm light (probe light 12) of the average input control power to an 
optical modulator 10 ] 12dBm. As stated previously, the fixed electrical potential 
difference of 3V is impressed to the optical modulator 10. Within an optical modulator 
10, while the probe light 12 and the original signal light 16 advance to hard flow 
mutually, as drawing 2 explained, the probe light 12 receives the attenuation which 
changes similarly to a change of the original signal light 16 on the strength. That is, 
wavelength conversion of the data signal of the original signal light 16 is carried out at 
the wavelength of the probe light 12. The probe light 18 by which wavelength 
conversion was carried out, i.e., wavelength conversion light, is inputted into the 
terminal B of an optical circulator 14. Since an optical circulator 14 is a light 
corpuscle child who outputs the light inputted into Terminal B from Terminal C, the 
conversion light 18 with a wavelength of 1 ,560nm is outputted from Terminal C. Thus, 
the wavelength of the signal light by which RZ modulation (mark rates 1/2) was 
carried out by 10 Gbit/s was convertible for the wavelength of 1 ,560nm from 
1,552nm. 

[0036] Dra wing 3 shows the wave form chart of a actual wavelength conversion 
result. Drawing 3 (1) shows the wave pattern of the original signal light 16, and ** (2) 
shows the wave pattern of the conversion light 18. It turns out that the data pattern of 
1,552nm light of an ultrashort light pulse wave of about 10 ps(es) (original signal light 
16) is copied in the conversion light 18 with a wavelength of 1,560nm almost 
faithfully. Sufficient extinction ratio is also obtained. 

[0037] Although the waveguide mold InGaAsP electrical-and-electric-equipment 
absorption mold optical modulator using an Franz-Keldish effect was used in this 
example, if it is an absorption mold optical modulator possessing the function which 
discharges compulsorily [ it is quicker than thermal diffusion and ] the electron 
and/or electron hole which are generated by absorption in an optical modulator to an 
external circuit using the electric field formed in the interior of an optical modulator of 
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the electrical potential difference impressed to an optical modulator, it can use for 
this invention. For example, the waveguide mold MQW optical modulator using the 
quantum Stark effect of the multiplex quantum well (MQW) of a semi-conductor may 
be used. 

[0038] Moreover, it is clear that the original signal light 16 which penetrated the 
optical modulator 10 can be taken out by preparing an optical circulator in the path 
which inputs the probe light 12 into an optical modulator 10. 

[0039] Although probe light 12 was made into one wave, at this example, it checked 
by experiment that wavelength conversion could be carried out on two or more 
wavelength by considering as two or more waves of continuation light. The 
wavelength conversion light 18 is each wavelength light contained in the probe light 
12, and has become what carried out wavelength multiplexing of the lightwave signal 
possessing the same data pattern as the original signal light 16. The wave good 
about all wavelength was able to be acquired. 

[0040] In this example, the probe light 12 and original signal light 16 are advanced to 
hard flow within an optical modulator 10. When advancing these in this direction, 
although similar wavelength conversion can be attained, it is difficult once to acquire 
a good wave as the pattern effectiveness shown up in wavelength conversion light 
with the property of an absorption mold optical modulator and shown in drawing 3 . In 
this example, although the transparency mold electrical-and-electric-equipment 
absorption mold optical modulator was used, for example, the reflective mold 
electrical-and-electric-equipment absorption optical modulator which made the 
piece end face the high echo can be used, and a configuration in which the travelling 
direction of original signal light and probe light turns into hard flow in the interior can 
also acquire the same effectiveness with the mutual absorption saturation 
characteristics of original signal light and probe light. 

[0041 ] Thus, in this example, since the usual electric absorption mold optical 
modulator can be used as it is, it is not necessary to use the component or the 
special semiconducting crystal which has complicated structure fundamentally. 
Consequently, the wavelength inverter and optical operation equipment of a low price 
can be shown with simplicity, high quality, and high-reliability. In this example, since 
the original signal light which carried out incidence is once changed into an electron 
and an electron hole pair and only the information on the strength [ optical ] is 
converted into wavelength conversion light, there is an advantage that an optical 
phase distortion which original signal light has is not changed into wavelength 
conversion light again. 

[0042] Although the probe light after the data modulation by which outgoing radiation 
is carried out is taken out from end-face 10b and the optical circulator 14 was used 
while carrying out incidence of the original signal light 16 to end-face 10b of an 
optical modulator 10, the same function is realizable with the multi/demulitiplexer of 
others like a WDM coupler or 3dB coupler. Namely, while carrying out incidence of the 
original signal light 16 from the outside to end-face 10b of an optical modulator 10, 
what is necessary is just the light corpuscle child who separates the wavelength 
conversion light 18 outputted from end-face 10b in the original signal light 16, and 
can take out. 

[0043] Moreover, although applied voltage of an optical modulator 10 was made into 
DC electrical potential difference, by superimposing a signal on applied voltage, the 
signal for system monitoring etc. can be superimposed on the conversion light 18, 
and a sampling function, a waveform-shaping function, and a noise control function 
can be given so that it may mention later. Especially, if the clock frequency of the 
original signal light 16 and the signal repeated on the same frequency are 
superimposed on applied voltage, since the absorption property of an optical 
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modulator 10 will change with the signals to it, the extinction ratio of the wavelength 
conversion light 18 is further improvable to it. 

[0044] Generally, the absorption wavelength property of an electric absorption mold 
optical modulator is controllable by changing the temperature of an optical modulator. 
Therefore, the good wavelength transfer characteristic is realizable over the large 
wavelength range with the example shown in drawing 1 by changing the temperature 
of an optical modulator 10 with thermoelectric-cooling equipment 1 1 if needed. 
[0045] Drawing 4 shows outline configuration block drawing of the modification 
example of the example shown in drawing 1 . Between an optical modulator 10 and 
an optical circulator 14, two optical circulators 20 and 22 and light amplifiers 24 are 
inserted, and it enables it to amplify selectively the output light of the probe light 12 
by which the data modulation was carried out in the optical modulator 10. 
[0046] That is, end-face 10b of an optical modulator 10 is connected to the terminal 
B of an optical circulator 20, and the terminal C of an optical circulator 20 is 
connected to the input of a light amplifier 24. The output of a light amplifier 24 is 
connected to the terminal A of an optical circulator 14, it connects with the terminal B 
of an optical circulator 14, and the terminal B of an optical circulator 22 connects the 
terminal C of an optical circulator 22 to the terminal A of an optical circulator 20. 
[0047] The original signal light 16 is inputted into the terminal A of an optical 
circulator 14, is inputted into the terminal B of an optical circulator 22 from the 
terminal B, is inputted into the terminal A of an optical circulator 20 from the terminal 
C of an optical circulator 22, and is inputted into end-face 10b of an optical 
modulator 10 from the terminal B of an optical circulator 20. The probe light 12 which 
is continuation light like the example shown in drawing 1 has inputted into end-face 
10a of an optical modulator 10. Like the example shown in drawing 1 , an optical 
modulator 10 gives attenuation according to the original signal light 16 inputted from 
end-face 10b to the probe light 12, and outputs the probe light 12 18 which had the 
same change on the strength as a change of the original signal light 16 on the 
strength by this, i.e., wavelength conversion light, from end-face 10b to the terminal 
B of an optical circulator 20. 

[0048] The wavelength conversion light 18 inputted into the terminal B of an optical 
circulator 20 is impressed to a light amplifier 24 from the terminal C, and optical 
amplification is carried out there, and it is inputted into the terminal A of an optical 
circulator 22. The light inputted into the terminal A of an optical circulator 22 is 
inputted into the terminal B of an optical circulator 14 from the terminal B, and is 
outputted from the terminal C of an optical circulator 14. 
[0049] Thus, in the modification example shown in drawing 4 , after optical 
amplification of the wavelength conversion light 18 by which wavelength conversion 
was carried out in the optical modulator 12 is carried out by the light amplifier 24, it is 
outputted. 

[0050] For example, although it is necessary to take out only the wavelength 
conversion light 18 from the output light of the terminal C of an optical circulator 14 
with an optical filter in the example shown in drawing 1 when the original signal light 
16 inputted into Terminal A begins to leak to Terminal C by the optical circulator 14 
Since the wavelength conversion light 18 is amplified by the light amplifier 24 even if 
the original signal light 16 inputted into Terminal A is revealed to the terminal C of an 
optical circulator 14 in the modification example shown in drawing 4 Even if it does 
not remove the component of output light to the original signal light 16 from the 
terminal C of an optical circulator 14, signal quality degradation of the wavelength 
conversion light 18 by the cross talk can be reduced. 

[0051] Although optical amplification only of the wavelength conversion light 18 was 
carried out with the light amplifier 24 in the modification example shown in drawing 4 . 
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' a light amplifier may be formed also between the terminal C of an optical circulator 
22, and the terminal A of an optical circulator 20, and, of course, optical amplification 
of the original signal light 16 may be carried out suitably. 

[0052] In the example shown in drawing 1 and drawing 4 , the probe light 12 must 
not necessarily be CW light. For example, when the probe light 12 is modulated, the 
wave of the wavelength conversion light 18 turns into a wave which carried out 
intensity modulation of the probe light 12 by the wave of the original signal light 16. 
That is, the wave of the wavelength conversion light 18 turns into a wave equivalent to 
what carried out the multiplication (AND) of the wave of the original signal light 16, 
and the wave of the probe light 12. 

[0053] For example, if the probe light 12 considers as the light by which RZ 
modulation was repeatedly carried out on the frequency f1 as shown in drawing 5 , 
the wave of the wavelength conversion light 18 will become what repeated the original 
signal light 16 and was sampled on the frequency f1 . Even if noise light is contained 
in the original signal light 16, with the wavelength conversion light 18. the noise light 
level of the original signal light 16 is oppressed substantially. That is, a waveform- 
shaping function and a noise control function are realizable in an optical phase. This 
is also because change of the absorption loss over the optical power of original 
signal light is fully large as shown in drawing 2 in the absorption mold optical 
modulator 10. 

[0054] Although the original signal light 16 is similarly sampled as a pulse voltage, the 
applied voltage of an optical modulator 10 is shaped in waveform like the probe light 
12 and a noise can be controlled, when output power can be enlarged by it being 
[ effectiveness ] larger to modulate the probe light 12 generally, and enlarging input 
control power of probe light, since an optical phase distortion which original signal 
light has is also removable, it is easy to use. 

[0055] In drawing 5 , when the original signal light 16 is on-the-strength strange 
modulated light of a clock frequency fO, the wave of the wavelength conversion light 
18 becomes like drawing 6 , drawing 7 , and drawing 8 with the relation between fO 
and fl. In the case of f0=f1 , drawing 6 shows the timing chart of an example when, 
as for drawing 8 , the repeat frequency f1 of the probe light 12 has become [ in 
drawing 7 I half [ half / of the clock frequency fO of the original signal light 16 ], 
f1=f0/2, in the case of f0<f 1 . [ i.e., ] The probe light 12 and (2) show the original 
signal light 16, and, as for (1), both d r aw ing 6 drawing 7 and drawing 8 show each 
wave of the wavelength conversion light 18, as for (3). 
[0056] In the case of f0=f1 shown in drawing 6 , the wave of the wavelength 
conversion light 18 changes with the relation between the incidence timing to the 
optical modulator 10 of the probe light 12, and the incidence timing to the optical 
modulator 10 of the original signal light 16. Therefore, with average reinforcement (or 
peak intensity), by the wave of the wavelength conversion light 18, and adjusting the 
incidence timing to the optical modulator 10 of the probe light 12 so that the average 
reinforcement of the wavelength conversion light 18 may become max, the incidence 
timing to the optical modulator 10 of the probe light 12 can be followed, and can 
specifically be synchronized with the incidence timing to the optical modulator 10 of 
the original signal light 16. Moreover, when fO and f1 were not in agreement ( drawing 
7 and drawing 8 ), so to speak, intensity modulation of the wave of the wavelength 
conversion light 18 was carried out with the difference frequency of fO and f1. An 
optical PLL (phase locked loop) circuit can be formed by controlling the modulation 
frequency of the probe light 12 so that the average level of the wavelength conversion 
light 18 is detected and the detection result becomes max from these. 
[0057] Drawing 9 shows outline configuration block drawing of the optical PLL circuit 
formed using the example shown in drawing 1 . The same sign is given to the same 
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component as drawing 1 . A photo detector 30 changes the wavelength conversion 
light 18 into an electrical signal, and an integrating circuit 32 integrates with or 
graduates the output of a photo detector 30. A voltage controlled oscillator 34 is 
oscillated on the frequency according to the output voltage of an integrating circuit 
32, and the output is impressed to the laser actuation circuit 36. The laser actuation 
circuit 36 drives semiconductor laser 38 for semiconductor laser 38 with the output 
frequency of an oscillator 34 (for example, pulse actuation or sinusoidal modulation 
actuation), and makes a desired wave-like laser beam output. The output light of 
semiconductor laser 38 is impressed to an optical modulator 10 as a probe light 12. 
[0058] In addition, the optical isolator 40 which absorbs the original signal light 16 
outputted from end-face 10a of an optical modulator 10 as occasion demands is 
formed between semiconductor laser 38 and end-face 10a of an optical modulator 10 
so that the original signal light 16 which penetrates an optical modulator 10 and is 
outputted from end-face 10a may carry out incidence to semiconductor laser 38 and 
may not have an adverse effect. It is desirable to arrange the optical filter which also 
removes or oppresses wavelength light other than wavelength conversion light 18 just 
before a photo detector 30 from the same standpoint. 

[0059] A receiving circuit 42 recovers data from the output signal of a photo detector 
30 according to the output clock of a voltage controlled oscillator 34. 
[0060] Noise light has accumulated and he is trying to be conventionally removed in 
an electric stage in the case of that to which the original signal light 16 transmitted 
the optical-fiber-transmission way etc. over long distances. If it synchronizes with the 
original signal light 16 thoroughly by the case where it is the light by which RZ 
modulation of the probe light 12 was carried out on the same frequency as the clock 
frequency f1 of the original signal light 16 in the case of drawing 9 (or drawing 5 R> 
5), the wavelength conversion light 18 will restore the data signal conveyed by the 
original signal light 16, and will become what moreover oppressed the accumulation 
noise. That is, each pulse shape of the wavelength conversion light 18 is because it is 
dependent on each pulse shape of the probe light 12. The example shown in drawing 
9 will have a waveform-shaping function and a noise control function simultaneously. 
[0061] Although the probe light 12 was repeated and being considered as RZ signal 
in drawing 5 thru/or drawing 8 , for Light PLL, it is clear that you may be what has the 
modulated wave form of arbitration, such as a square cosine wave, RZ by which the 
data modulation was carried out, or NRZ modulation light. 

[0062] In drawing 5 , when the repeat frequency f1 of the probe light 12 is 1 for an 
integer of the clock frequency fO of the original signal light 16, the wave of the 
wavelength conversion light 18 becomes what separated the original signal light 16 on 
the time-axis. That is, a time-axis multiplex lightwave signal can be separated on a 
time-axis with a lightwave signal. As shown in drawing 2 , as for the electric 
absorption mold optical modulator 10, an absorption property changes with applied 
voltage. If applied voltage is low, probe absorption-of-light loss will become 
comparatively flat to power change of original signal light, but if applied voltage 
becomes high, probe absorption-of-light loss will become steep to power change of 
original signal light. From here, the time-axis isolation of a time-axis multiplex 
lightwave signal can be raised more by changing the applied voltage of an optical 
modulator 10 synchronizing with the repeat frequency of the probe light 12. 
Specifically, a noise can be controlled still more nearly substantially. 
[0063] For example, as shown in drawing 10 , make probe light 12 into the light 
which carried out RZ modulation on the frequency of the one half of the clock 
frequency fO of the original signal light 16 (namely, f1=f0/2), and let applied voltage 
of an optical modulator 10 simultaneously be the sinusoidal voltage of a frequency 
(f0/2). Of course, frequency fO/2 of the applied voltage of an optical modulator 10 
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and the probe light 12 are synchronized. When the reinforcement of the probe light 12 
is a high level, it is made for the applied voltage of an optical modulator 10 to be a 
low battery. Thereby, the wave of the wavelength conversion light 18 is what sampled 
the original signal light 16 on the frequency of 1 /the 2, and oppressed noise light 
substantially. 

[0064] Thus, the function which controls a noise by fluctuating the applied voltage of 
an optical modulator 10 synchronizing with the modulation frequency of the probe 
light 12 that it is applicable also in the case of f1=f0 ( drawing 6 ) is clear. Moreover, 
in this example, although applied voltage was made into the sine wave, in order to 
acquire desired effectiveness, it is clear that modulated wave forms of arbitration, 
such as a square cosine wave and RZ pulse shape, may be superimposed or added 
to applied voltage. 

[0065] According to this example, not only wavelength conversion but waveform 
shaping and noise control are simultaneously realizable so that the explanation which 
referred to drawing 5 thru/or drawing 10 may show. This example can be applied, also 
when it light-crosses and connects. 
[0066] 

[Effect of the Invention] According to this invention, wavelength can be changed with 
a very easy configuration and, moreover, a big extinction ratio can be obtained so 
that he can understand easily from the above explanation. Theoretically, a bigger 
extinction ratio than the extinction ratio of original signal light can also be obtained by 
optimizing the applied voltage to an absorption mold optical modulator. Since plane- 
of-polarization control is unnecessary, structure becomes very easy. 
[0067] Moreover, since the wave of wavelength conversion light can be controlled by 
applied voltage to probe light or an absorption mold optical modulator, a noise can be 
removed and an optical phase distortion of original signal light can be removed 
further, a signal quality is improvable. 

[0068] Such a result, an economical and highly efficient wavelength inverter, a wave 
inverter, and an optical PLL circuit can be offered, and it can contribute to the 
advance of a lightwave transmission system greatly. 
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4 * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is outline configuration block drawing of one example of this invention. 

[ Dra w in g 2] It is absorption loss property drawing of a waveguide mold electrical- 

and-electric-equipment absorption mold optical modulator. 

[Drawing 3] It is the wave form chart of the wavelength conversion result of this 

example. 

[Drawing 4] It is outline configuration block drawing of the modification example of 
this invention. 

[Drawing 5] It is the example of utilization of this example when repeating the probe 
light 12 and carrying out RZ modulation on a frequency f1. 

[Drawing 6] It is a wave form chart when the clock frequency fO of the original signal 
light 16 is equal to f1 . 

[Drawing 7] It is a wave form chart in fO<f 1 . 
[Drawing 8] It is a wave form chart in f1=f0/2. 

[Drawing 9] It is outline configuration block drawing of the optical PLL circuit formed 
using the example shown in drawing 1 . 

[Drawing 10] It is the example of utilization which modulated the applied voltage of 

an optical modulator 10 and raised the noise suppression function. 

[Drawing 1 1 ] It is approximate account drawing of the conventional wavelength 

inverter using the mutual gain saturation characteristics of a semiconductor laser 

amplifier. 

[Drawing 12] It is approximate account drawing of the conventional wavelength 
inverter using the mutual phase modulation property of a semiconductor laser 
amplifier. 

[Drawing 13] It is approximate account drawing of the conventional wavelength 

inverter using 4 photon mixing of a semiconductor laser amplifier. 

[Drawin g 14 ] It is approximate account drawing of the conventional wavelength 

inverter using 4 photon mixing of an optical fiber. 

[Description of Notations] 

10: Waveguide mold InGaAsP electrical-and-electric-equipment absorption mold 
optical modulator 

10a, 10b: The end face of an optical modulator 10 

11: Thermoelectric-cooling equipment 

12: Probe light 

14: Optical circulator 

16: Original signal light 

18: Wavelength conversion light 

20 22: Optical circulator 

24: Light amplifier 
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* 30: Photo detector 
32: Integrating circuit 
34: Voltage controlled oscillator 
36: Laser actuation circuit 
38: Semiconductor laser 
40: Optical isolator 
42: Receiving circuit 
110: Semiconductor laser amplifier 
1 12,1 14: Semiconductor laser amplifier 
116,118,120: Coupler 
122: Semiconductor laser amplifier 
1 24: Optical fiber 
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DRAWINGS 



[Drawing 1 ] 
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[Drawing 4] 
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[Drawing 7] 
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